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IMPROVED COMPOSITION AND METHOD FOR REMOVAL OF CARBONYL 
SULFIDE FROM ACID GAS CONTAINING SAME 

BackeiDimd of the Invention . . 

The present invention relates to an improved composition for selective removal of 
carbonyl sulfide (COS) with minimal absorption of carbon dioxide (CO2) fix)m an acid gas 
containing COS and CO2, and also to a method for selective removal of COS from an acid 
gas containing COS and CO2 using this improved composition. 

Natural and synthesis gas streams, derived from natural gas reservoirs, p^oleum or 
coal, often contain a significant amount of carbonyl sulfide (COS) in addition to other 
impurities such as carbon dioxide (CO2), hydrogen sulfide (H2S), sulfur dioxide (S62), 
caibon disulfide (CSa), mercaptans, and the' like. Various compositions and processes for 
removal of acid gasesj including COS, from a gas containing same are known and described 
in the literature.' 

C&tsm physical solvents have been widely used for the selective removal of H2S 
from gas streams containing H2Si CO2 and optionally, oflier conqK>nents. For example, 
dialkyl ethers of polyalkylene glycols are commonly specified for this purpose. Typical of 
ttie numerous disclosures of such solvents in the art is European Patent Application No. EP 
0770420 A2 and U.S. Patent Nos. 3,737,392; 3,824,766; 3,837,143; 4,044,100; 4,336,233; 
4,581,154; 4,741,745; and 4,946,620, among others. According to such references, it is well 
known that the solubility of H2S in these glycols is much higher than the solubility of CO2. 
This difference in solubility forms the basis for the selective removal of H2S by glycol 
ethers and other physical solvents. Unfortunately, the solubility of COS in most physical 
solvents is not very different from the' solubility of CO2. Hence, selective removal of COS 
or COS and H2S from gas streams containing CO2 and optionally other components, has 
proved difficult 

C^in tertiary alkanolamines (methyldietfaanolamine and tnethanolamine for 
example) have been widely used for the selective removal of H2S fixim gas streanis which 
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also contain CQa. Users of these amines exploit the n^id reaction with H2S and the slow 
reaction with CO2 to allow selective removal of H2S. . Unfortunately, the reaction of these 
amines with COS is about 100 times slower lhan the reaction witfi CO2. Hence, tertiary 
amines are relatively ineffective at separating COS or COS and H2S from CO2 containing 
5 streams. - * 

Certain primary and secondary amines (monoethanolamine, diethanolamine, 
methylethanolamine, aminoethoxy ethanol, piperazine for example) have been widely used 
for the simultaneous removal of H2S and CO2. These amines react rapidly with both H2S 
10 and CQ2 and are well suited for simultaneous removal of H2S and CO2. Alfliough the 
reaction of COS witti these amines is also, about 100 tunes slow^ than the reaction with 
CO2, appreciable amounts of CO2 and COS can be removed. Unfortunately, since COS 
reacts much more slowly with fliese amines than does CO2, selectiye removal of COS or 
COS and H2S with primary or secondary amines has i»x>veddifiScult . 

15 

The selective removal of COS or COS and H2S from gas streams containing CO2 
and' optionally other components has proved difiBcult with bofli physical and chemical 
solvents. However, in a number of conventional hydrocarbon processing techniques, it is 
desirable or necessary to remove COS down to few parts per million (ppmv) for several 
20 reasons, such as catalyst sensitivity to COS iii subsequent operations and statutory or 
contact requirements regarding sulfiir content in prodiict or waste gas streams. The 
presence of COS has also been identified as the cause of degradation reactions in several 
commercial processes for acid gas removal. However, in many cases it is neither necessary 
nor desirable to remove CO2 from gaseous mixtures. . 

25 

Various solvent compositions and methods are known for selective removal of COS 
and H2S from gaseous mixtures containing same and other acidic gases such as CO2. 

U.S. Patent No. 3,989,81 1 (Hill) discloses a multi-step process forremoval of acid 
30 gases, that is, H2S, CO2, and sulfur containing compounds including CS2, COS, and various 
mercaptans from sour gases. In mis multi-step process, H2S, CO2 and COS are absorbed in 
a nonselective alkanolamine. The regenerated acid gases are then contacted with a selective 

-2r 
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amine to produce an H2S rich sMpperpff gas and a low i^ress^ Suitable 
alkanolamines include methyldieth^olamine, triefhanolamine, or one or more di- 
propanolamines,.sucli as di-nrpropanolamine or diisopropanolamine. Hie preferred 
' absorbent for treatment of COS containing gas streams also contains a significanf amount of 
5 a tetrametiiylene sulfone (the tmsubstituted compound is known as sulfolane). In principle, 
selective removal of COS and H2S from the original sour gas stream could be achieved if 
the CO2 rich product stream were recompressed and combined with the main treated gas 
stream. However, the capital and operating costs associated with requiring two absorbers, 
two strippers and compression of the CO2 stream would weigh against this option, assuming 
10 a less costly alternative can be found. . ' 

U.S. Patent No. 4,482,529 (Chen et al.) discloses a single step process for the 
selective removal of COS from a gas stream containing CQ2. Small amounts of bicyclo 
tertiary amine are added to a physical solvmt already known to be selective for H2S in tiie 

IS preseace of CO2. According to the invention, addition ofthe bicyclo tertiary amine 
^courages hydrolysis of the COS to H2S and CO2. The net effect is to improve the 
absorption of COS without substantially increasing the absorption of CO2. Applicable 
physical solvents include SELEXOL™ solvent (a blend of polyethylene glycol dimethyl 
ethers sold by Union Carbide Corporation under the trademark SELEXOL), sulfolane^ 

20 methanol and others. 

U.S. Patent No. 4,524,050 (Chen et al.) discloses a process for hydrolyzing COS in 
gas strrarns to H2S and CO2 using solid supported bicyclo tertiary amine catalyst 

25 U.S. Patent No. 4,504,449 (Doerges et al.) discloses a process for selective removal 

of H^S and possibly COS from a CO2 containing gas stream using highly volatile secondary 
amin^ in an organic solvent A complex regeneration scheme is required. Applicable 
secondary amines are diethyl amine, diisopropyl amine, methyl isopropyl amine, ethyl 
isopropyl amine, dipropyl amine, methyl n-butylamine, methyl isobutyl amine and methyl 

30 sec-butyl amine. Applicable organic solvents include alkylated polyethylene glycol ethers, 
tetrahydrothiophene dioxide etc. 

.3- . . • ' 
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U.S. Patent No. 4,532,1 16 (Doerges et al.) discloses a process for the removal of 
H2S and/or COS &om synfliesis gas using at least one secondary amine and an organic 
solvent Although the process is selective for H2S and COS in the presOTce of CQ2, 
process is complex. Two scrubhing zones are required - a preliminary desulfurizing zone 

5 using a conventional circxilated and regenerated solution and a fine desiilfurizing or 

Sjcrubbing zone using unregenerated solvent. The fine desulfurizing zone contains a hieat 
exchanger to condense the unregenerated solvent Applicable organic solvents are methanol, 
ethanol and isopropanol. Applicable secondary amines are N-ethylethaneamine, N-{1- 
methylethyOpropaneamine, N-methyl-2-propanamine, N-ethyl-2-propanamine^ N-propyH- 

10 propanamine, N-methyl-l-butanamine, N-2-dimethyl-l-piopanamine, N-methyl-2- 
biitanamine. 

U.S. Patent No. 4,749,555 (Bush) discloses a process for selective removal of H2S 
and COS without absorbing CO2 fix>m a gas stream having a relatively large concentration 
15 of CO2 using bridgehead amines (Wcyclotertiary amiuQ or bicyclb amidine), tertiary amine, 
physical solvent and water. Applicable physical solvents include sulfolane, polyethylene 
glycol dimethyl ethors and others. * 

U,S. Patent No. 4,980,140 (Souby) discloses a process for selective rranoval of COS 
20 from H2S using a solvent comprising a tertiary amine, a physical co-solvent and a minor 
amount of water. The useful physical co-solvent includes sulfones, sulfoxides, glycols anii 
the mono and diethers thiereof, 1 ,3-dioxo heterocyclic compounds (dioxane and dioxolane), 
aromatic ethers, aromatic hydrocarbons and N-alkylated lactams of gamma or omega amino 
acids. 
•25 ' 

U.S. Patent No. 5,413,627 (Landeck et al.) discloses the selective removal of H2S 
and COS from CO2 using a physical scrubbing agent comprising a heterocycld having five 
or more ring atoms, which contains two heteroatoms, one of which is nitrogen and the other 
of which is oxygen or nitrogen. The nitrogeai atom present in the ring is/are either double 
30 bonded or single bonded but, if single bonded, the nitrogen is organo-substituted. A wide 
variety of scrubbing agents are disclosed, including l,3-dimethyl-3,4,5,6-tetrahydro-2(lH)- 
pyrimidinone (DMTP). 
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U.S. Patent No. 5,589,149 (Garland et discloses absorption solvents for 
removing mercaptans from gas streams without the use of iodine. The solvent comprises 
alkyl ether of a polyalkylene glycol and a seoondaiy monoalkanQlamine and, optionally^ 
5 other amines, such as dialkanolamines. 

U.S. Patent No. 6,277,345 Bl (Stankowiak et al.) discloses the use of absorption 
liquid comprising at least one dialkanolamine, at least one polyalkylene glycol alkyl ether, 
and water for nonselective removal of CO2, H2S, COS and other acidic gases from a gaseous 
10 stream. 

There is still a need in the industiy for an improved composition for selective 
removal ofCOS from gaseoiis streams containing COS and C02- It has now been 
surprisingly and unforeseeably found out Hhat tibe addition of a primary alkanolamine, 
1 5 secondary alkanolamine or piperazine compound to a polyalkylene glycol alkyl ether or 1,3- 
dimethyU3,4,5,6-tetrahydro-2(lH)-pyrimidinone (DMPT) results in selective removal of 
COS from the gaseous streams containing same widi minimal removal of CQ2. 



20 



Summary of the Invention 

. - One aspect of the present invention concerns a solvent composition for ranoval of 
COS from a gas stream containing CO2 and, optionally, other components such as H2S, CS2, 
merc^tans and the like, said composition comiprising • 

25 a) at least one polyalkylene glycol alkyl ether of the formula 

RiO-(Alk-0)n-R2 ^ (0 

wherein Ri is an alkyl group hscving from 1 to 6 carbon atoms; R2 is hydrogen or an 
•30 alkyl group having from 1 to 4 carbon atoms; Alk is an alkylene group, branched or 

unbranched, having from 2 to 4 carbon atoms, and n is from 1 to 10; and 
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b) at least one alkanolamine compound of &e jfomula 

R3NHR4OR6 (n) 

or . ■ 

I 

at least one piperazine compound of fonnula 




wherein R3 is hydrogen, an alkyl group having from 1 to 6 carbon atoms, or the 
R4OH group; R4 is a branched or imbranched alkylene group having from 1 to 6 
carbon atoms; R5, independently in each occurrence, is hydrogen or an hydroxyalkyl 
group having from 1 to 4 carbon atoms; and is hydrogen, an alkyl group having 
from 1 to 6 carbon atoms or an hydroxyalkyl group having from 1 to 4 carbon atoms. 

Another aspect the present invention concerns a solvent composition for r^oval of 
COS from a gas stream containing CO2 and, optionally, other components, such as H2S, CS2» 
merc£q[>tans and the like, said coniposition comprising 

a) l,3^-dimelfayi-3,4i5,6-tetrahydro-2(lH)-pyriniidinone; and 

b) at least one alkanolamine compound of flie formula 

R3NHR4bR6 

or 
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at least one piperaane compound of fonnula 



10 



wherein R3 is hydrogen, an alkyl group having from 1 to 6 carbon atoms, or the 
R4OH group; R4 is a branched or unbranched alkyl^ae group haying from 1 to 6 
caifoon atoms; R5, independently in each occurrence, is hydrogen or an hydroxyalkyl 
group having from 1 to 4 carbon atoms; and R6 is hydrogen^ an alkyl group having 
from 1 to 6 carbon atoms or an hydroxyalkyl group having .from 1 to 4 carbon atoms. 

hi another aspect, the present invention concerns a process for selective removal of 
COS from a gas stream containing COS and CO2 , and, optionally, otho: components said 
process comprising treating the gas stream with a solvent composition oomprii^ing 

15 a) at least cnepolyalkylene glycol alkyl ether of ^e formula 

RiO-(Alk-0)n-R2 (0 

' wherein Ri is an alkyl group having from 1 to 6 carbon atoms; R2 is hydrogen or an 
20 alkyl group having from 1 to 4 carbon atoms; Alk is an alkylene group, l)ranched or 

imbranched, having from 2 to 4 carbon atoms; and n is from 1 to 10; and . 

b) at least one alkanolaminecompoimd of the fonnula 
25 R3NHR4OR6 01) 



or 
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15 



at least one pipraraane compound of fiinnula 



m 



wherein R3 is hydrogen, an allg^I grovrp having fiom 1 to 6 carbon atoms, or the 
5 R4OH groiq>; R4 is a branched or unbranched alkylene group having from 1 to 6 

carbon atoms; R5, independently in each occurrrace, is hydrtig^ or an hy<hoxyalkyl 
group having from 1 to 4 carbon atoms; and Re is hydrogen, an aflcyl group having 
from 1 to 6 carbon atoms or an hydroxyalkyl groiq> having from 1 to 4 carbon atoms. 

10 Still in another aspect, the present invention concerns a process for. selective removal 

of COS from a gas stream containing COS and CO2, said process comprising treating the 
gas stream with a solvent composition comprising 



a) l,3-dimethyl-3,4,5,6-tetrahydro-2(lH)-pyrimidinone; and 

b) at least one alkanolamine compound of the formula 

R3NHR4OR6 . (H) 

20 or 

at least one piperazine compound of formula 



R5 



.R5 
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wherein Rs is hydrogen, an alkyl group having fix>m 1 to 6 carbon atoms, or the 
R4OH group; R4 is a branched or unbranched aUc/lene group having fioih 1 to 6 
carbon atoms; R5, independently in each occurrence, is hydrogen or an hydroxyalkyl 
group having fix>m 1 to 4 carbon atoms; and Re is hydrogen, an alkyl group having 
from 1 to 6 carbon atoms or an hydroxyalkyl group having from 1 to 4 carbon atoms. 

Detailed Description of the hivehtion 



As used herein, the terms "gas", "acid gas", "gaseous stream", and the like, are 
10 intended to refer to natural gas, hydrocarbon gas, synthesis gas, steam reformer-type gases, 
and any other gas containing GOS, CO2 and othei: gaseous components such as hydrogen 
sulfide, methane, ethane, propane, hydrogen, carbon monoxide, mercaptans etc. . The 
expression ^'minimal additional removal of CQ2" means removal of CO2 by tfie physical 
. solvent plus additive is not substantially larger' than removal of CO2 by the physical solvent 
. IS alone, all other factors being the same. 

In accordance with the present invention, it has been surprisingly discovered that the 
solvent compositions of the presmt invention have excellent selectivity for the ronoval of 
COS from a gaseous stream containing same with minim^d additional removal of CO2. 

20 

It was completely surprising and unexpected to find out addition of an alkanolaniine 
compound of formula II above or a piperazine compound of formula m above to least one 
polyalkylene glycol alkyl ether of the formula I above, and in particular to a mixture of 
polyalkylene glycol ethers of formula I above, such as the SELEXOL™ solvent, removes 
25 substantially more of the COS present in the gaseous sbreams with minimal additional 
removal of CO2. 

It was also equally surprising and unexpected to find out that the addition of an 
alkanolamine compound of formula 11 above or a pip^azine compound of formula HI above 
30 to l,3-dimethyl-3,4,S,6-tetrahydro-2(lH)-pyrimidinone removes, substantially more of COS 
preset in the ^seous streams with minimal additional removal of CO2 
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Polyall^lCTe alkyl ethers of foimula I suitable in the prac^ 
invention are well known and include, without any limitation, diefhylene gjycol dimethyl 
ether, diethylene glycol diisopropyl ether, triettiylene glycol dimetiiyl ether, trietiiylene 
glycol diisopropyl ether, tetraethylene glycol dimethyl ether, fetraethylene glycol diisopropyl 
5 ether, pentaethylene glycol dimethyl ether, pentaethylene glycol diisopropyl ether, 

hexaethylene glycol dimethyl ether, hexaethylene glycol diisopropyl ether, heptaeOiylene 
glycol dimethyl ether, octaethylene glycol dimethyl ether, nonaethylene glycol dimethyl 
edier, decaethylene glycol dimethyl ether, and any mixture thereof. 

r 

10 PrefOTed polyethylene glycol alkyl ether is a mixture consisting of a dimethyl ethers 

of polyethylene glycols of formula CH30(C2H40)nCH3 wherein n is from 2 to 10.. 
Particularly preferred polyethylene glycol alkyl ether is tiie mixture of dimethyl ethers of 
poly^ylene glycols sold under the trademaric SELEXOL by Union Carbide Corporation. 
SELEXOL™ solvent is a mixture of dimethyl ethers of polyethylene glycols comprising 

1 5 from about 0 to about 0.5 wt% of diefliylene glycol dimethyl ether, from about 5 to about 7 
wt% of triefhylene ^ycol dimefliyl ether, from about 16 to about iS wt% tetraethylene 
glycol dimethyl eflier, from about 23 to about 25 wt% of pentefhylene.glyool dimethyl ettxer, 
from about 22 to about 24 wt% of hexaethylene glycol dimethyl ether, from about 15 to 
about 1 7 wt% of heptaethylene glycol dimethyl ether, from about 8 to about 10 wt% of 

20 octaethylene glycol dimethyl ether, from about 3 to about 5 wt54 of nonaethylme glycol 
dimethyl ether, and from about 1 to about 2 wt% of decaethylene glycol dimethyl ether. 
SELEXOL™ solvent is widely used in gas treating applications for the removal of acidic 
gases. However, it is, known that the removal of COS by the SELEXOL™ solvent is poor 
due to solvent factors (low solubility) and applications specijfic factors (low COS partial 

25 pressure). Certain amine additives such as bicyclic tertiary amines and tertiary amines have 
been used, with some success, to improve removal of COS by SELEXOL™ solvent. It has 
now been discovered that the SELEXOL™ solvent containing alkanolamines of formula U 
hereinbefore or a piperazine compound of formula lU hereinabove is surprisingly selective 
in removing COS in the presence of CO2 from.gases. 

30 

Alkanolamine compounds of formula II usefiil in the practice of the present 
invention are well known compounds and include both primary and secondary 

-10- 
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'alkanolamines. ihreferred alkanolamine compounds of fonnida n are 
alkanolamines. Non-limiting examples of alkanolamine coimpounds are mohoethanolamine 
(MEA), diettianolamine (DBA), methylethanolamine (NMEA), diisopropanolamine (DIPA), 
and diethylene glycolamine (available from Huntsman Corporation imder the trademark 
5 DGA). 

The present invention is particularly useful in the desulfiirization portion of an 
Integrated Combined Cycle Gasification (IGCC) process using an IGCC system consisting 
of a conventional SELEXOL™ solvent acid gas removal unit, a fixed bed catalytic 
10 converter for reducing the gas phase concentration of carbonyl sulfide (COS), and heat 
. exchanger equipment upstream oftheSELEXOL™ solvent unit. It has been surprisingly 
found out that the addition of'the alkanolamine compound of formula 11 above to the 
SELEXOL™ solvent results in selective removal of COS fiom the gas feed in the presence 
of CO2 with minimal removal of CO2. The costs associated with the fixed bed catalytic 
IS converter are also significantly reduced. 

Since the process of the pr^ent invention for selective removal of COS fix>m 
gaseous streams is conducted in the desulfijrmition portion of an Integrated Combined 
Cycle Gasification (IGCQ process, the operating conditions of the process are those of the 
20 IGCC process. These operating conditions are well known to a person of an ordinary skill 
in the art. 

All parts, percentages and ratios herein are by weight unless otherwise indicated. 

25 The invention will be fiuiher clarified by a consideration of the following examples 

that are intended to be purely exemplary of the present invention and not limiting in any 
way. 
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The following components are employed in the examples. 

MEA is monoethanolamine; 
DEA is diefhanolamine; 

ai- 



TEA is trielhanolamine; 
NMEA is mefhyleihanoalmine; 

DIPA is diisopropanolainine; ^ 
HEP is hydioxyetfaylpiperazine; 

MDEA is methyldiefhanolamine; ' ' ^ 

DMEA is dimethyetfaanolamine; 

DBU is l,8-diazabicyclo[5 A0]undec-7-ene; 

DBN is l,5-diazabicyclo[43.0]non-5-ene; 

DABCO is l,4-diazabicyclo[2.2.2]octane, sold by Air Products and Chemicals, Inc. 
under the trademark DABCO; 

DMTP is l,3-dimethyl-3,4,5,6-tetrahydro-2(lH)-pyrimidinone; and 
Quinuclidine is 1,4-efhanopiperidine. 

Examples 

The perfomiance of SELEXOL™ solvent alone, the mixture of SELEXOL™ 
solvent, prior art additives, and the solvent of the present invention were evaluated in a 
bench scale glass absorber-stripper apparatus with flic follov^ing cfaaractoristics: 

standard gas feed conditions (10 mole percent C02, 1 .6 mole percCTit COS, 
and the balance nitrogen, about 3 L/min, 80 
standard liquid feed conditions (about 1 1 cc/min, 80 ^F), 
standard amount of absoiber and stripper staging (small trays, 25 absorber, 
20 stripper), 

approximately standard amount of stripping heat duty applied, 
standard amoimt of the additive used about 3 jpercent by weight), 
gas phase analysis by gas chromatography, liquid phase water content by 
Karl Fisher method, 

careful attention to ensuring steady state operation, 
liquid phase COS content was not measured, and 
stripper overhead not sample for COS or HiS. 



a) 

b) 
c) 

d) 
e) 
f> 

g) 
h) 

i) 
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The results obtained in the performance evaluation of dif^rent gas treating solvent 
■ are provided in Tables below. 



Tablet 

Evaluation of Prior Art and Various Additives for Removal of CX)S by SELEXpL™ solvent • 



• 

Solvmt 


COS 
Absoiptidn 

yvo of feed) 


Absorption 
1% 01 leeaj 


SELEXOL'** solvent* 


0.7 


u. / 


SELEXOL'"* solvent* 


1,2 


•A t 


S+3 wt % 1 A diazabicyclor2.2.21octane (DABCO)* 


2i6 


A A 

.0.0 


S+3 wt % quinuclidine* 


5.1 


■0.2 


S+3 wt % U5-diazabicyclor4.3.01non-5-ene (DBN)* 


3.1 


-0.6 


S+3 wt % l,8-diazabicyclor5.4.01undec-7-ene (DBU)* 


2.5 


0.5 


S+3 wt % triethanolamine (TEA)* 


2.0 


0.5 


S+3 wt % triethanolamine (TEA)* 


-0.7 


2.7 


S+3 wt % methyldiethanolamine (MDEA)* 


1.3 


1.3 


S+3 wt % dim^ylethanolamine (MDEA)* 


2.0 


0.0 


S+3 wt % hydroxyethvlpiperazine (HEP) 


17.1 


0.7 


S+3 wt % diisot)ropanolamine (DBPA). 


18.9 


1.0 


S+3 wt % diethanolamine (DEA) 


18.9 


2.8 


S+3 wt % diethanolamine (DEA) 


28.3 


0.1 


S+3 xk % monoethanolamine (MEA) 


28.3 


-0.7 


S-» 3 wt % piperazine 


29.1 


0.8 


S+3 wl % mcthylethanolamiue (NME A) ** 


6.6 


-0.6 


S+3 wt % methylethanolamine (NMEA) 


52.1 


0.9 


S+3 wt % methylethanolamine (NMEA) 


50.3 


1.1 


DMTP* 


5.8 


. -1.0 


DMTP* 


3.6 


-1.1 


DMTP +3 wt % diethanolamine 


40.1 


0.6 



* not an Example of the present invmtibn 
** spurious experimental, outcome 
10 S = SELEXOL'™ solvent 



(continued on the next page) 
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Table 2 





Comparative 
Example 1 


ETiample 1 


Examplol 


Comparative 
Example 2 


Comparative 
Example 3 














Base Solvent 


SELEXOL^"" 
Solvent 


SELEXOL"^ 
Solvent 


SELEXOL™ 
solvent 


DMTP 


SELEXOL'*' 
' solvent 


Additive 


0 


Piperazine 


miEA 


none 


DBU 


Additive Concentration (wt %) 


25 


3 


3 


0 


3 


# Absoifaer Trays 


20 


25 


25 


25 


25 


# Stripper Trays 




20 


20 


20 


20 


Total Gas Feed Rate (cc^in) 


2997 


2996 


2995 


3026 . 


3008 


Feed C02 (mole %) 


10.09 


10.18 


10.06 


9.64 


11.06 


Feed COS (mole %) 


1.48 


1.51 


1.51 


1.21 


1.63 


Sweet CQ2 (mole %) • 


10.02 


10.1 


10.12 


9.74 


11.01 


Sweet COS (mole %) 


1.47 


1.07 


1.41 


1.14 


1.59 


- 












Absorber: 












Lean H20 content (wt %) 


3.2 


4 


4.6 


7.4 


4.3 


Lean Solvent Flow (cc/min) • 


11 


11 


11 


11 


11 


LeanT(F) 


80.7 


78.8 


79.8 . 


79.8 


80.5 


Feed(jasT(F) 


80.8 


79.1 


79.5 


793 


80.3 


Sweet Gas T (F) 


81.6 


.79.5 - 


80.6 


79.8 


80.8 


RichT(F) 


79.3 


77.6 


. 78,1 


77.9 


77.1 


Absorber? (in H20) 


28 


28 


28 


28 


28 














Strippen 












Hot Rich Inlet T(F) 


239.1 


220.3 


232.5 


229.1 


231.5 


OveriieadVapT(C) 


103 


100 


103 


100 


100 


Reboiler T (F). 


264.7 


. 258.3 


254.6 


270.5 


259.5 














COS Absorption (% of feed) 


0.7 • 


29.1 


6.6 


5.8 


2.5 


C€>2 Absorption (% of feed) 


0.7 


0.8 


-0.6 


-1.0 


0.5 



5 

(continued on fhe next pa^) 
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Tables 



• 


Comparative . 
Example 4 


Comparative 
Example 5 - 


Examples 

• 










Base Solvent 


SELEXOL 
Solvent 


SELEXOL 
ooiveni 


oELcXOL 
soivenr 


Additfve 


UbN 


r^ARPO 




Adaitive Concentralion (wt %) 


0 


0 


Q 


Number of Absorber Trays 


^5 






Number of Stripper Trays 


OA 


on 




Total Gas Feed Rate (cc/min) 


oOuQ 


OQQQ 




^^^^ ■* ■ — * A/ V 

-eed C02 (mole %) 


10.9 


ACS OR 




Feed COS (mole %) 




•1 .Ol 


1 ••rO 


Sweet C02 (mole %) 


10.97 


Of2 




Sweet COS (mole %) 


1.55 


1.4r 


i 9 










Absorber 








Lean H20 content (wt %) 


4 




*f. 1 


Lean Solvent Flow (cc/min) 


11 ■ 


1 I 


1 1 


1 <»an T iV\ 
l_t;cu 1 1 \i / 


80.7 


82.3 


81.1 


Feed Gas T(F) 


80.3 


81.8 


81 


Sweet Gas T(F) 


80.8 


82.3 


81.6 


RlchT(F) 


79.4 


79.5 


79.8 


Absorber P Gn H20) 


28 


28 


28 










Stripper, ' 








Hot Rich Inlet T(F) 


227.6 


246.5- 


226.7 


Overhead Vap T (C) 


100 


102 


102 


RebonerT(F) 


259.9 


260.6 


25S.1 










COS Absorption (% of feed) 


3.1 


2.6 


18.9 


CO2 Absorption (% of feed) . 


-0.6 


0.0. 


2.8 



5 

(continued on the next page) 
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Table 4 



• 


Example 4 


Comparative 
Example 6 


Comparative 
Example 7 


Exampfe 5 . 


Example 6 


• 












Base Solvent 


SELEXOL™ 
Solvent 


. SELEXOL""^ 
solvent 


SELEXOL™ 
solvent 


SELEXOL™ 
solvent 


SELEXOL'"^ 
solvent 


Addittve 


MEA . 


Quinuclidine 


none 


DEA 


NMEA 


Additive Concentration (wt %) 


3 


3 


0 


3 


,3 


Number of Absorber Trays 


25 


25 


25 


25 


25 


Number of Stripper Trays 


20 


20 


20 


20 


20 


Total Gas Feed Rate (cc/mm) 


2999 


2978 


2985 


2990 . 


3012 


Feed C02 (mole %) 


10.09- 


10.06 


10.13 


10.03 


10.11 


Feed COS (mole %) 


1.8 


1.76 


L72 


. 1.7 


1.67 


Sweet C02 (mole %) 


10.16 


10.08 


10.11 


10.02 


10.02 


Sweet COS (mole %) 


1-29 


1.67 


1.7 


1.43. 


0.8 














Absoiben - 












Lean H2Q content (wt %) 


5.4 


4.5 


3.7 


3.6 


4 


Lean Solvent Flow (cc/min) . 


11 


11 


11 


11 


11 


.LeanT(F) 


. 79.7 


80.7 


82 


83.2 


80.9 


FeedGasT(F) 


80.6 - 


79.9. 


80.5 


81.8 


83.2 


Sweet Gas Tff) 


81.1 


81 


81.4 


83 


83.5 


RichT(F) 


78.6 


76.7 


77.8. 


80.9 


82.5 


Absorber P (in H20) 


28 


28 


28 


28 


28 














Stiippen 












Hot Rich Inlet T(F) 


222.1 


213.8 


209.7 


207.6 


201.2 


Overhead Vap T (C) 


109 


103 


105 


101 


100 


ReboilerTCF) 


246.6 


250.2 


257.5 


' 256.9 


255.1 












r 


COS Absorption (% of feed) 


28.3 


5.1 


1.2 


15.9 


52.1 


CO2 Absorption (% of feed) 


-0.7 . 


-0.2 


0.2 


0.1 


.0.9 



(continued on fhe next page). 
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Tables 





Example? 


Example 8 


Comparative 
Example 89 


Example 98 


Comparative 
Example 9 








• 






Base Solvent 


SELEXOL™ 
Solvent 


SELEXOL^*^ 
Solvent 


DMTP 


SELEXOL™ 
Solvent 


SELEXOL'*^ 
solvent 


AdditiS/e 


NMEA 


DEPA 


none 


HEP 


TEA 


Additive Concentration (wt %) 


3 


3 


0 


3 


3 


NumbOT of Absoiber Trays 


25 


25 


. 25 


25 


25 


Number of Stripper Trays 


20 


20 


20 


20 


20 


Total Gas Feed Rate (cc/min) 


3023 


3013 


3004 


2990 


3000 


Feed CG2 (mole %) 


10.08 


10.08 


10.02 


10.06 


10.01 


Feed COS (mole %) 


1.61 


1.64 


1.67 


1.58 


1.52 


Sweet C02 (mole %) 


9.97 


9.98 


10.13 


9.99 


9.96 


Sweet COS (mole %) 


0.8 


133 


1.61 


1.31 


. 1.49 


• 












Absorber: 












Lean H20 content (wt %) . 


3.7 


4 


8.2 


3.2 


3.6 


Lean Solvent Flow (cc/min) 


. 11 


11 


11 


11 


11 


LeanT(F) 


79.4 


82.9 


82.4 


84.2 


81 


FeedGasT(F) 


' 78.4 


81.3 


81.1 


82.4 


79.3 


Sweet Gas Tff) 


79.4 


82.6 


82 


83.7 


80.3 


RichT(F) 


78.3 


80.1 


79.6 


80.2 . 


77.5 


Absorber P (in H20) 


28 


28 


28 


28 


28 














Stripper: 












Hot Rich ynletT(F) 


200.2 


206.7 , 


198.9 


197.5 


180.5 


OveriieadVapT.(C) 


101 


100 


- 104 


100 


101 


ReboilorT(F) 


255.6 


. 255.6 


271.3 


258.4 


255.7 














COS Absorption (% of feed) 


50.3 


18.9 


3.6 


17.1 


2.0 


CO2 Absorption (% of feed) 


1.1 


1.0 ' 


-1,1 


0.7 


0.5 



5 

(continued on the next page) 
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Table 6 





' Comparative 
Example 10 


Comparative 
Example 11 


Exanq>le 10 


Comparative 
Example 12 












Base Solvent 


SEUEXOL^** 
Solvent 


SELEXOL™ 
Solvent 


. DMTP 


SELEXOL™ 
solvent 


Additive 


TEA 


MDEA 


DBA 


DMEA 


Additiye ConcentratiQn (wt %) 


3 


3 


3 ^ 


3 


Number of Absorber Trays 


25 


25 


25 


25 


Number of Stripper Trays 


20 


20 


20 


20 


Total Gas Feed Rate (cc/min) 


3005 


2995 


2981 


2994 


Feed C02(mole%) 


10.17 


10.01 


10.09 


9.95 


Feed COS (mole %) 


1.48 


1.52 


1.52 


1.47 


Sweet C02 (mole %) 


9.9 


9.88 


10.03 


9.95 


Sweet COS (mole%) 


L49 


1.5 


0.91 


1.44 












Absorber 










Lean H20 content (wt %) 


4.2 


3.8 


. 8.6 


4 


Lean Solvent Flow (cc/min) . 


11 


11 


11 


11 


LeanT(F) 


82.6 


82.6 


80 


80.3 


Feed Gas T(F) 


80.4 


80.4 


79 


79.7 


Sweet GasT(F) 


81.9 


81.8 


79.6 


• 81 


RichT(F) 


77.8 


78.5 


79.4 


76.9 


Absorber P (in H20) 


28 


28 


28 


28 ■ 












Stripper. 










Hot Rich Inlet T (F) 


185.2 


189.5 


182.2 


198.3 


Overhead Vap T (C) 


102 . 


108 


105 


108 


ReboilerT(F) 


256.6 


257.6 


264.3 


253.7 












COS Absorption (% of feed) 


-0.7 


1.3 


40.1 


2.0 


CO2 Absorption (% of feed)- 


2.7 


1.3 


0.6 


0.0 
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As can be seen from fhe Tables 1-6 hereinabove, certain amine additives of flie prior 
. art improve removal of COS without substantially increasing the removal of CO2. For 
example, the addition of DABCO, quinuclidine, DBN and DBU to fhe SELEXOL™ solvent 
mcreases the COS removal of to the SELEXOL™ solvent from about 1 % to about 2-5 %. 

5 • 

As can also be seen from the Tables 1-6 hereinabove, all the solvent compositions of 
the present invention showed a marked improvement in COS removal with little or no 
additional CO2 removal. Overall, the solvent compositions of the present invention the 
SELEXOL™ solvent and the alkanolamine of formula II or piparazine compound of 

10 formula m removed COS in an amount of fix)m about 17 % to about 52 % as compared to 
the SELEXOL™ solvent alone which removed COS in an amount of only about 1 %. 
Similarly, the solvent composition of the present invention comprising DMTP and the 
alkanolamine of formula II removed COS in an-amount 'of about 40 % as compared to 
DMTP alone whidi removed COS in an amount of from about 3-6 %. Such magnitude of 

15 improved removal of COS by the solvent compositions of the present invention is 
completely unexpected and unpredictable. 

Other embodiments of the invention will be apparent to those skilled in the art from 
a comnderation of this specification or practice of fhe invention disclosed herein. It is 
20 intended that the specification and exan^lra be considered as exemplary only, with the true 
scope and spirit of the invention being indicated by the following claims. 
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WHAT IS CLAIMED IS: 



1. A solvent composition for selective removal of COS from a gas stream containing 
same, said composition.comprising * ' f 

a) at least one polyallq/lene glycol allsyl ether of the fonm^ 

RiCHAlk-0)„-R2 (I) 

. wherein R| is an alkyl group having from 1 to 6 carbon atoms; R2 is hydrogm or an 
alkyl group having from 1 tc) 4 carbon atoms; Alk is an alkylene group, branched or 
unbranched, having from 2 to 4 carix>n atoms, and n is from 1 to 10; and 

b) at least one alkanolamine compound of tibie formula 

R3NHR4OR6 QJ) 

or 

at least one piperazine compound of formula 




wherein R3 is hydrogen, an alkyl group having from 1 to 6 carbon atoms, or the 
R4OH group; R4 is a branched or unbranched alkylene group having ftom 1 to 6 
carbon atoms; R5, independently in each occurrence, is hydrogen or an hydroxyalkyl 
group having from 1 to 4 carbon atonis; and Re is hydrogen, an alkyl group having 
from 1 to 6 caifoon atoms or an hydroxyalkyl group having from 1 to 4 carbon atoms. 

2. The solvent composition according to Claim 1 wherein the polyalkylene glycol alkyl 
ether of the formula I is a mixture of polyalkylene glycol alkyl ethers comprising dimethyl 
ethers of polyethylme glycols of formula CH30(C2H40)„CH3 wherein n is from 1 to 10. 
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3. The solvent composition according to Claim 2 wherdn the mixture of polyalkylene 
glycol all^l ethers comprises from about 0 to about O.S yrt% of di^ylene glycol .dimethyl 
ether, from about 5 to about 7 wt% of triethylene glycol dunethyl ether, from about 16 to 
about 1 8 wt% tetraefhylene glycol dunethyl ether, from ^out 23 to about 25 wt% of 

5 pentethylene glycol dimethyl ettipr, from about 22 to about 24 wt% of hexaethylene glycol 
dimethyl ether, from about 15 to about 17 wt% of heptaethylene glycol dimethyl ether, from 
about 8 to about 10 wt% of octaethylene glycol dimethyl ether, from about 3 to about 5 wt% 
. of nonaethylene glycol dimethyl ether, and from about 1 to about.2 wt% of decaethylene 
glycol dimethyl ether. 
10 , 

4. The solvent composition according to any one of Claims 1 to 3 wherein the 
component b) is an alkanolamine of formula U in which substituCTt R3 is hydrogen. 

5. The solvent composition according to any one of Claims 1 to 3 wherein the 
1 5 component b) is monoethanolamine. 

6. The solvent composition according to any one of Claims 1 to 3 wherein the 
component b) is an alkanolamine of formula II in which substituent R3 is an alkyl group 
having from 1 to 6 carbon atoms or the R4OH group. 

20 

7. The solvent composition according to Claims 6 wberdu the alkanolamine of formula 
II is selected from the groiq> consisting of diethanolamine, methyle&anolamine and 
diisopropiinoloamine. 

25 8! The solvent composition according to any one of Claims 1 to 3 wherdn the 
component b) is piperazine. 

9. The solvent composition according to any on of Claims 1 to 3 wherein the 
component b) is hydroxyethylpiperazine. 

30 

10. A process for selective removal ofCOS from a gas stream containing COS and CO2, 
said process comprising contacting the gas stream with a solvent composition comprising 

a) at least one polyalkylene glycol alkyl ether of the formula . 
35 . 

RiO-(Alk-OVR2 (I) 

-21- 
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wherein R| is an alkyl group having fix>m 1 to 6carbon atoms; R2 is hydrog^ or an 
allcyl group having fix)m 1 to 4 carbon atoms; Alk is an alkylene group, branched or 
iinbranched, having firom 2 to 4 carbon atoms; and n is from 1 to 10; and 

b) at least one alkanolamine compound of the formula * - 
R3NHR4OR6 (H) 

or 

at least one piporazine compound of formula 




wherein R3 is hydrogen, an alkyl groiip haying fiom 1 to 6 carbon atoms, or the 
15 R4OH gjcoup; R4 is a branched or unbranched alkylme group having fiom 1 to 6 

carbon atoms; Rs^ independently in each occurrence, is hydrogen or an hydroxyalkyl 
group having from 1 to 4 carbon atoms; and is hydrogen, an alkyl group having 
from 1 to 6 carbon atoms or an hydroxyalkyl sx>vp havuig from 1 to 4 carbon atoms. 

20 11. The process according to Claim 1 0 for selective removal of COS from a gas stream 
comprising contac^ng the gas stream witii the solvent composition as claimed in Claim 2. 

12. Hie process according to Claim 10 for selective removal of COS from a gas stream 
comprising contacting the gas stream with Ibe solvent composition as claimed in Claim 3 . 

25 

12. The process according to Claim 108 for selective removal of COS from a gas stream 
comprising contacting the gas streain with the solvent composition as claimed in Claim 4. 

13. The process according to Claim 108 for selective removal of COS from a gas stream 
30 comprising contacting the gas stream with the solvent composition as claimed in Claim 5. 

14. The process according to Claim 10 for selective removal of COS fiom a gas stream 
comprising contacting the gas stream witii the solvent composition as claimed in Claim 6. 
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IS. The process according to Claim 10 for selective removal of COS from a gas stream 
comprising contactiiig the gas stream with flie solvent composition as claimed in Claim 7. 

S 16. The process according to Claim 1 0 for selective removal .of COS from a gas stream 
comprising contacting the gas stream with the solvent composition as claimed in Claim 8. 

* 1 7. The process according to Claim 1 0 for selective rraioval of COS from a gas stream 
comprising contacting the gas stream with the solvent composition as claimed in Claim 9. 

10 

18. A solvent composition for selective removal of COS from a gas stream containing 
same, said composition comprising 

b) a) l,3-^imethyl-3A5,6-t€toahydro-2(lH)-pyrMnidinone;and 

b) at least one alkanolamine compound of the formula 

R3NHR4OR6 (n) 

,20 or 

at least one piperazine conipound of formula 




25 

wherein R3 is hydrogen, an alkyl group having from 1 to 6 carbon atoms, or the 
R4OH group; R4 is a branched or unbranched alkylene group having from 1 to 6 
caibon atoms; R5, independently in each occurrence, is hydrogen or an hydroxyalkyl 
group having from 1 to 4 carbon atoms; and is hydrogen, an alkyl group having 
30 from 1 to 6 carbon atoms or an hydroxyalkyl group having from 1 to 4 carbon atoms. 

19. A process for selective removal of COS from a gas stream containing COS and CO2, 
said process comprising contacting the gas stream with a solvent composition comprising 
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a) l,3-dimethyl-3 AS,6-tetrahydro-2(lH)-pyriiiiidmone; and 

b) at least one alktoolamine compoimd of the formula 

R3ISIHR4OR6 (n) 

or 

at least one piperazine compovmd of fonnula 



11 m 

wherein R3 is hydrogen, an alkyl group having from 1 to 6 carbon atoms, or the 
R4OH group; R4 is a branched or unbrahched alkylene group having from 1 to 6 
15 carbon atoms; Rs, independently in each occurrence, is hydrogen or an 

hydroxyalkyl group having from 1 to 4 carbon atoms; and R6 is hydrogen, an 
aSkyl group having from 1 to 6 carbon atoms or an hydroxyalkyl groiqp having 
from 1 to 4 carbon atoms. 



-24- 



ABSTRACT 

li^ovel solvent composition for selective removal of COS from a gas stream 
containing same, said composition comprising 

a) at least one polyall^lene glycol alkyl ether of the formula 

R,0-(Alk-0)„.R2 0) 

or . 

1 ,3-dimethyl-3 A5,6-tetrahydro-2(l H)-pyrimidinone 

wherein Ri is an alkylgroiiplhaving from 1 to 6 caifoon atoms; R2 is hydrogen or an 
alkyl group having from 1 to 4 carbon atoms; Alk is an allgrlene group, branched or 
unbranched, having from 2 to 4 carbon atoms, and n is from 1 to 10; and 

b) at least one alkanolamine compound of the formula 

R3NHR4OR6 

or 

at least one piperazine compound of formula 




wherein R3 is hydrogen, an alkyl group haying from 1 to 6 carboti atoms, or the 
R4OH group; R4 is a branched or unbranched alkylene group having fix)m 1 to 6 
carbon atoms; Rs, independently in each occmrenoe, is hydrogen or an 
hydroxyalkyl group having fix>m 1 to 4 carbon atoms; and Re is hydrogen, an 
alkyl group having from 1 to 6 carbon atoms or an hydroxyalkyl group havmg 
fifom 1 to 4 carbon atoms. 
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